This research explores the systematic, cross-national differences in choice-inferred risk preferences between American and South Korean ("Korean") elders. A total of four different sample groups-American elders, Korean elders, 1 American young adults, and Korean young adults -were surveyed. All four groups were asked to partake in a two-part questionnaire: one pertaining to their background information and the other consisting of a set of gain-domain choice questions based on hypothetical lottery situations. The result of the study highlights three statistically 1 The UN agreed cutoff is 60+ years to refer to the older or elderly persons; however, because the study was conducted using convenience sampling, elders in the experiment refer to subjects who are 50 years old and older.
5 U.S. Census Bureau, 2012 Population Estimates and 2012 National Projections. 6 Congressional Budget Office: https://www.cbo.gov/publication/53624 7 Medicare is the nation's health insurance program for persons aged 65 and older and certain disabled persons. Medicare consists of four distinct parts: Part A (Hospital Insurance, or HI); Part B (Supplementary Medical Insurance, or SMI); Part C (Medicare Advantage, or MA); and Part D (the outpatient prescription drug benefit). The Part A program is financed primarily through payroll taxes levied on current workers and their employers; these taxes are credited to the HI Trust Fund. 8 Also referred to as "Hyper Aged Society" -countries in which more than one in five (20%) of the population is 65 or older. South Korea's aging phenomenon can be characterized by two features: (1) increasing average life expectancy and (2) a sharp decline in fertility rates. The growing proportion of the elderly population, if it continues at its current rate, could have detrimental impacts on the South Korean economy and public administration -namely a decrease in labor productivity (i.e. reduced GDP per capita) and increased insolvency risk of pension funds. South Korea's average life expectancy at birth has already reached 82.0 years in 2016, 9 10 years higher than the global average life expectancy at birth of 72.0 years. 10 World Bank, https://data.worldbank.org/indicator/SP.DYN.LE00. IN?locations=KR Coupled with the increase in average life expectancy, South Korea is also suffering from an unprecedented low fertility rate.
11 Assuming zero net migration and unchanged mortality, a total fertility rate of 2.1 children per woman generally ensures a stable population level.
12 However, the national fertility rate of South Korea, as of 2016, is far below this replacement rate, with an average rate of 1.20. Consequently, the old-age dependency ratio is projected to decline sharply in the next couple decades. 13 In 2017, the ratio of working-age adults to the elderly population in South Korea was 5.2.
14 This ratio is projected to fall to 4.6 by 2020, 2.7 by 2030, and to 1.5 by 2050 (O'Conner, 2014) .
Driven by the low fertility rates and, consequently, low labor productivity, Korea's National Pension Fund is anticipated to peak in 2043 (2,607 trillion won 15 ) and become completely depleted by 2060. 16 With populations around the world aging more rapidly than ever before, policymakers confront a number of challenges as they seek to adjust existing policies to better meet the growing needs of the world's changing demographics. Moreover, due to the widespread social and economic implications of an aging population, policymakers struggle to find solutions that can effectively mitigate the myriad problems associated with aging populations. This is especially true when evaluating the impacts of population aging on not only national programs such as 13 The ratio of older dependents (people older than 64) to the working-age population (those ages 15-64). 14 Age Dependency Ratio, Old: https://data.worldbank.org/indicator 15 c.US$2.31 trillion as of November 2, 2018 16 OECD: http://www.oecd.org/finance/private-pensions/47029412.pdf pension plans and health insurance programs, but also families, businesses, and health care providers. 17 According to the 2017 United Nations report concludes that as the average age of populations continues to rise, governments should address the needs of older population-including those related to housing, employment, health care, social protection, and other forms of intergenerational solidarity-by replacing old policies with more effective policies (United Nations, 2017, pg. 1).
Inspired by Daniel Kahneman and Amos Tversky's work on prospect theory, this research aims to explore the implications of rapidly aging societies by examining the choice behaviors under risky (i.e. uncertain) circumstances of the older populations of two distinctly different countries -America and South Korea.
Introduction

Expected Value Maximization and Risk Perception
An approach to examining the effects of age in risky decision-making is to ask participants to choose between monetary lotteries for which relevant information about risk and reward is explicitly described (e.g., a choice between (a) an option offering a 20% chance of winning $1,000 and nothing otherwise and (b) an option offering a 90% chance of winning $150 and nothing otherwise). Such descriptive analyses of people's risky choices have focused on two key features: (1) quality of decision and (2) risk aversion. Quality of decision is defined as the frequency of which the decision maker selects the option with a higher expected value, defined as:
Pi and xi are the probability and the reward, respectively, associated with each possible outcome of an option. Risk aversion, on the other hand, refers to the decision maker's preference towards options that provide certainty and distaste for those with higher variability in possible outcomes.
Prospect Theory Framework
In this study, we investigated cross-national differences in risky decision-making between South Korean and American elders. We analyzed the statistical difference between the two elderly groups' risky choices by using the computational modeling framework of cumulative prospect theory (CPT) (Tversky & Kahneman, 1992) . By employing the computational modeling framework, we were able to quantify and visualize the decision-making mechanisms underlying people's choices.
CPT suggests that the objective monetary outcomes of a lottery are transformed into subjective values through a value function, which is defined as:
U(x i ) represents a value function, which is often characterized by diminishing marginal utility and by loss aversion, as illustrated in the diagram below.
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Prospect Theory Value Function
18 This idea of loss aversion is defined as "the tendency to feel the pain of a loss more intensively than the pleasure of an equal-sized gain" (Rabin and Thaler, 2001) .
CPT also assumes a probability weighting function, defined as: π i represents a function that transforms objective probabilities into subjective weights, leading to an inverse S-shaped curvature as illustrated in the graph below.
The Probability Weighting Function
The dotted-line represents objected probabilities and the solid-line represents the corresponding subjective probabilities. In this diagram, the subjective weight overvalues smaller probabilities and discounts bigger probabilities -the curvature is above the dotted line when the probabilities are low and below as the probabilities increase. These transformed values and probabilities are multiplied to produce an option's overall valuation.
Another component of CPT in quantifying decision-making processes is randomness in decisions, also referred to as "noise." In other words, by quantifying noise, we can understand to what extent risk preference is based on systematic risk-averse or risk-seeking behaviors and to what extent it is based on randomness (Bhatia & Loomes 2017) . Using these parameters and mechanisms, this study investigated whether we can quantify the differences in decision-making processes of American and South Korean elders.
Methods and Study
Sampling and Participation
We employed convenience sampling for this study by collecting samples from comparable settings. In total, we recruited 20 American elders (14 females, 6 males) ages 53 to 81 years (Mean = 71.9, SD = 7.2) and 22 Korean elders (10 females, 12 males) ages 52 to 69 years (Mean = 59.9, SD = 5.1). The American elderly samples were collected from an adult daycare center, called the Northeast Older Adult Center (NEOAC), in Philadelphia, Pennsylvania. The Korean elderly samples were collected from an older adult counseling center, called the 50+ Center, in Seoul, South Korea.
A sample of young adults were also collected from respective countries -we recruited 21 American young adults (11 females, 10 males) ages 18 to 22 (Mean = 20.0, SD = 1.2) and 32 Korean young adults (15 females, 17 males) ages 19 and 27 (Mean = 21.4, SD = 1.6). The American young adult samples were collected at the University of Pennsylvania in Philadelphia. The Korean young adult samples were collected at Yonsei University, in Seoul, South Korea.
Survey
Given we employed a convenience sampling method, 19 we included in our experiment a list of survey questions to better understand the myriad education levels, political views, financial satisfaction, religious views, etc. of our samples. Data collected through the survey allowed us to interpret our experiment results in a way that took into account potential sources of variations in risk preferences besides age and national background. These questions were extracted from the World Values Survey with slight modifications to better suit our experiment.
20
19 A type of non-probability sampling method that relies on data collection from population members who are conveniently available to participate in study. 20 Appendix B: World Values Survey
Translation and Conversion
For translations of instructions and stimuli, we employed back-translation and decentering method (Brislin, 1970) . This method involves translating the source language (i.e. English) to the target language (i.e. Korean) and back, and discrepancies that subsequently occur are addressed through "decentering." Decentering refers to the method of modifying both the source and target language, in multiple interactions, to move away from the idiosyncrasies of the source language (Erkut, 2010) . For our stimuli and instructions, which were originally written in English, two different bilingual individuals conducted the translations using the back translations with decentering method.
The market exchange rate from February 4, 2018 (1 USD = 1,083 KRW) was used for the conversions of monetary values of the lotteries between the American dollar and the Korean won, and rounded to the nearest thousand won.
Procedure
Participants were examined in a group setting under the guidance of the experimenters. They were asked to complete a short survey, consisting of 10 questions. Subsequently, they read instructions detailing the risky choice task, procedure, and payoffs. They were encouraged to be thorough and careful in completing the task. Then, participants completed 20 sequentially-presented and randomly-ordered choice problems. Each problem consisted of a pair of two-outcome monetary lotteries, and participants indicated which lottery they preferred. All of the lotteries operated in the positive domain, meaning that they involved no losses, only gains. The above table summarizes the outcomes of each pair of lotteries and their corresponding expected values based on the probabilities of winning the lottery. As in the cases for lottery pairs #4 and #18, people should be indifferent between Lottery 1 and Lottery 2 as they both offer the same expected values when viewed strictly from an expected-value perspective.
To ascertain the attentiveness of the participates, the lotteries included two "attention tests," which offered definitively superior option. 21 All surveys that failed either one of the "attention tests" were excluded from the analysis.
The information obtained was used to make both inter-ethnic and inter-generational comparisons regarding the risk preferences of each surveyed group. In other words, the American elderly sample group was compared against both the Korean elderly sample group and the American young adult sample group. Likewise, the Korean elderly sample group was compared against both the American elderly sample group and the Korean young adult sample group. All of the comparisons were made using a series of unpaired sample t-tests.
Results and Discussion
Survey and Participant Observations
The survey results revealed the following characteristics among our elderly samples and our young adult groups: 21 For example, one of the "attention tests" offered the following pairs of lotteries: (1) 100% chance of winning $200 or (2) 60% chance of winning $60; corresponding "attention tests" were offered in the Korean version of the lotteries. 2.4 ; 0.6 6.0 ; 2.6 1.6 ; 0.7 5.5 ; 2.0 Number of Children: * Scale between 1 (Completely Dissatisfied) and 10 (Completely Satisfied).
As displayed in the summary above, some questions in the first part of the questionnaire-including the one about one's ethnicity and the other about one's political party affiliation-were dropped from the questionnaire distributed to the Korean elderly and the Korean young adult sample groups because both the ethnic makeup and politics of the United States are not comparable to those of South Korea. Further, a few areas that show the highest variance among the samples are the following: age, education, number of children, religion, and the degree of religiousness.
Despite our best efforts to collect the two elderly samples from similar settings, by choosing comparable locations in Philadelphia and Seoul, there was a notable age gap between the American elderly samples and the Korean elderly samples. The difference between the average age of the American and Korean elderly sample groups was 12.0 years. The elderly samples also had notable differences in their levels of education achieved.
Only six participants of the American elderly sample group had received bachelor's degrees, whereas all the Korean elderly participants had received bachelor's or graduate degrees. Moreover, although the average number of children between the two elderly groups are the same (2.05 children per sample), American elderly samples have higher variance in the number of children, ranging between zero and eight, compared to the Korean elderly samples' range of one and four. Lastly, the American elderly sample group was predominantly Catholic, whereas the Korean sample group was largely Protestant.
The degrees of religiousness between (1) the elderly and young adult samples and the (2) American and Korean groups exhibit meaningful differences. Generally, the elderly sample groups are more religious than the young adult sample groups, and the American sample groups are more religious than the Korean sample groups.
The implications of these variances among the sample groups to the results of the study have not been examined and require further discussion in future research. The above table illustrates the average choices made by different sample groups between choice 1 (i.e. lottery 1) and 2 (i.e. lottery 2), and their associated standard deviations.
Choice Behavior: Quality of Decisions under Uncertainty
*Shaded areas illustrate indifference between Lottery 1 and 2
The above graph juxtaposes the average choices of our four sample groups to the choices of an Expected Maximizer ("EV"), one who makes choices purely based on expected value. The red shaded bars in the graph represent Because the expected value of the two lotteries are equal, an EV would be indifferent to either choices and should have no preference between the two. However, such lottery choices allow experimenters to better understand the choice behavior tendencies of subjects and examine their risk-seeking or risk-averse preferences.
As previously mentioned, the quality of the decisions observed among the sample groups appear to be similar, adhering to pursuing maximum expected value on average. Equally important, when examining these two "indifference choices," was that all four samples tended to elicit riskaverse choice behaviors by choosing the certain option (i.e. lottery with 100% outcome certainty).
Choices for other lotteries, namely lottery pairs 5, 7 and 17, also suggest that all four samples exhibited strong risk-averse tendencies and preference for certainty. As illustrated in the table above, despite the lower expected values of the lotteries, all four sample groups were inclined to choose certain options. Provided below are unpaired sample t-tests to show whether there was any statistical significance between choices of the samples. There were four lottery choices that had statistically significant difference between the Korean elderly and Korean young adult sample groups. Unlike the American elderly sample group, Korean elderly samples employed more risk-averse choice tendencies, with average elder choosing the lottery that provided the highest probability.
American Young Adults vs. Korean Young Adults
There is insufficient evidence for any meaningful differences between the American and Korean young adult sample groups, given that there was only one statistically significant difference in their lottery choice patterns.
Impact of Culture and Age on Perception of Risk
The literature on people's risk preferences and potential sources of variations within these tendencies suggest that there is a myriad of evidence for a number of theories, but there is no consensus about the most significant factors influencing risk preferences. In particular, a large amount of research present findings on whether age and national background influence people's risk preferences. As for whether age plays a role, there are no definitive findings on how age shapes people's decision-making under risk. Some suggest that age positively correlates with the intensity of risk aversion (Albert and Duffy, 2012; Deakin, Aitken, Robbins, and Sahakian, 2004; Best Charness, 2015) . Other studies, however, deny this association, suggesting that age either does not play a significant role in shaping people's risk tendencies (Hong, Kubik, and Stein, 2001; Guiso, Haliassos, Jappelli and Claessens, 2003; Schneider, Fehrenbacher, and Weber, 2017; Schildberg-Horisch, 2018) or that risk-taking increases with age (Bommier and Rochet, 2003) .
On the other hand, it seems pretty apparent that culture, especially as it relates to the different levels of individualism 22 and collectivism 23 it embodies, correlates with certain risk-taking attitudes at least in the investment domain Hofstede, 1980; Rieger et al., 2014; Schneider, Fehrenbacher, and Weber, 2017; Park, Kim, and Zhang, 2015) . Mainly described in terms of the "cushioning effect," studies investigating the role of culture and national background on risk-taking tendencies suggest that the greater one's ability to draw from his or her social or state support networks, the more he or she is likely to engage in risk-taking behaviors Hofstede, 1980; Rieger et al., 2014; Schneider, Fehrenbacher, and Weber, 2017; Park, Kim, and Zhang, 2015) . To test Hofstede's cushioning effect, Hsee and Weber (1998) conducted a study examining the preference for risky options in respondents from four different countries known to vary on the social individualism-to-collectivism continuum-the U.S., China, Germany, and Poland (Hofstede, 1980) . Based on Hofstede's cushioning effect, predicted that in socially-collectivist cultures like China, individuals would have a stronger personal network, through which they can receive help if encountered with a large and possibly catastrophic loss after selecting a risky option (pg. 1208). In accordance with their hypothesis, their study results indicated that Chinese respondents were least risk-averse and the Americans and Germans the most riskaverse of the four cultures ).
As illustrated above, there are several studies exploring the impacts of age and culture in decision-making processes; however, their conclusions vary widely, and there has not been a study conducted to examine the differences in risk preferences for South Korean and American elders.
22 Individualism emphasizes personal freedom and independence (Hsee and Weber, 1999) . 23 Collectivism endorses social relatedness and interdependence with others in one's family, community or other social groups (Hsee and Weber, 1999) .
Limitations
Limited Choices of Elderly Care Facilities
As explained briefly in Section 3.1 Survey and Participant Observations, there were a few limitations that occurred due to the challenges of gaining access to elderly care facilities. Because most of the elderly care facilities in both the United States and South Korea are sensitive about sharing their clients' information, it was difficult to gain permission to collect data from such facilities. After going through an arduous process of gaining approval from several of the facilities that responded to our initial survey request, we narrowed down our locations based on how similar the facilities are in terms of (1) the kinds of services they provide and (2) the types of people who patronize the facility. Of these two criteria, the former is particularly important because the type of services provided by a facility largely dictates what type of people visit the place. For example, if the facility were oriented towards providing healthcare services, then elders who are more health conscious would self-select to be at the facility. If the facility were focused on providing career opportunities for the elderly, then it perhaps may attract more motivated and relatively healthier elders to the facility.
Given the small pool of options that were available to us, there were a number of ineliminable differences between the two facilities we selected-the Northeast Older Adult Center (NEOAC) and the 50+ Center, in Seoul, South Korea. While the kinds of activities and services available at the facilities overlapped considerably, the average ages of the people who are regular visitors at the two facilities differed significantly. Such discrepancy rendered the process of matching the characteristics of the American elderly sample with those of the Korean elderly sample difficult. This is a significant limitation in that the age gap could be partly responsible for the differences in the two groups' risk preferences. Further experimentation, therefore, is recommended to reduce such margin of error.
Procedural Differences
Another limitation in our elderly sample collection can be attributed to the differences in the settings in which we conducted the survey and the experiment. At the Northeast Older Adult Center, we had to collect the data individually, asking the people one by one to complete the survey and the experiment. At the 50+ Center, all of the participants completed the survey and the experiment at the same time. The inability to carry out the survey and the experiment in a comparable manner could have influenced the decisions of the American and the Korean elderly samples. Future studies should aim to eliminate this procedural difference for more accurate analyses of the results.
Conclusion
Findings from this study suggest that there are statistically significant choice behavior tendencies in risk preferences between the two elderly samples -Korean elderly tend to be more risk-averse than American elderly. The significance of this study also lies with the fact that this study, to the best of our knowledge, is the first of its kind to examine cross-national choice behavior differences between South Korean and American elders. Note, however, that the implications around convenience sampling and other limitations of the study preclude us from making any definitive, generalized conclusions. Yet, this study does raise insightful considerations relating to aging populations.
One of the key concerns pertaining to rapidly aging populations, as indicated previously, is the increasing national healthcare expenditures and the declining economic growth.
24 National health expenditures, for example, grew 3.9% to $3.5 trillion in 2017, and accounted for 17.9% of Gross Domestic Product (GDP). Further, national health spending is projected to grow at an average rate of 5.5 percent per year in the following decade and reach $6.0 trillion by 2027.
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One approach to recalibrating the consumption levels of healthcare, at least from an economist's perspective, is by making the consumers bear more of the cost of healthcare (i.e. increased copayment requirement in healthcare insurance programs, which your health insurance may require you to pay in order to receive a specific medical service or supply).
26
Entertain a scenario in which copayment requirements of all healthcare insurance programs increase. All else remaining the same and putting aside all moral questions surrounding the accessibility of healthcare, this increase would naturally reduce the number hospital visits as fewer people can afford to pay the increased copayment amount. Findings from this study suggest that such calibrations to decrease overall healthcare consumption may be less effective in South Korea than in America. Since South Korean elders have demonstrated to be more risk averse, they may be more willing to bear the extra cost of such copayment requirements, whereas more risk-seeking American elders may choose to take the gamble and visit the hospital less frequently upon such cost increases.
Secondly, such differences in risk preference may have implications in the spending patterns of the elderly population. More risk averse elders may choose to spend less, invest less, and save more. Or, they may choose to invest more heavily in bonds than stocks. Such reduction in spending amounts and equity investment activities can potentially further aggravate the anticipated slowdown of economic growth at aging countries, as alluded to in the preface.
As several countries around the globe are undergoing rapidly aging populations, understanding distinguishable choice behaviors of the elderly populations is becoming increasingly relevant and critical to our society's ability to prepare for the future. Provided, we believe this study presents meaningful guidance and has opened several questions to be answered in other empirical studies pertaining to the elderly demographics.
Appendix A: Disappearing South Korea South Korea's population is experiencing a demographic phenomenon in which mortality and fertility rates decline from higher to lower levels. Decreasing fertility, along with lengthening life expectancy, has reshaped the age structure of the South Korean population by shifting relative societal weight from younger to older groups. South Korea's population is experiencing a demographic phenomenon in which mortality and fertility rates decline from higher to lower levels. Decreasing fertility, along with lengthening life expectancy, has reshaped the age structure of the South Korean population by shifting relative societal weight from younger to older groups.
The South Korean population increased from 31.43 million in 1970 to 47.99 million in 2010. The elderly population (65+ years) more than tripled, from 3.31% in 1970 to 11.30% in 2010. The population of children (0-15 years), on the other hand, decreased by more than half, from 42.12% in 1970 to 16.23% in 2010. As a result of these changes, South Korea's Department of Statistics estimates that approximately 20% of South Korea's population will be comprised of elders by 2020. By 2040 and 2065 the elderly pop-ulation is projected to grow to 32.8% and 42.5% of the total population, respectively. On the other hand, the population of students (6-21 years) is projected to decrease from 8.92 million from 2015 to 7.08 million in 2020 and to 6.55 million in 2035.
Although South Korea is one of the first countries to experience this demographic transition, aging population, as a consequence of decreasing fertility rate and increasing life expectancy, is largely a global phenomenon. By 2040, median age of the total populations in more developed regions 27 will reach 44.7 years. 
